Dynamic investigation of protein metal active sites: interplay of XANES and molecular dynamics simulations.
The effect of structural disorder on the X-ray absorption near-edge structure (XANES) spectrum of a heme protein has been investigated using the dynamical description of the system derived from molecular dynamics (MD) simulations. The XANES spectra of neuroglobin (Ngb) and carbonmonoxy-neuroglobin (NgbCO) have been quantitatively reproduced, starting from the MD geometrical configurations, without carrying out any optimization in the structural parameter space. These results provide an important experimental validation of the reliability of the potentials used in the MD simulations and accordingly corroborate the consistency of the structural dynamic information on the metal center, related to its biological function. This analysis allowed us to demonstrate that the configurational disorder associated with the distortion of the heme plane and with the different orientations of the axial ligands can affect the XANES features at very low energy. Neglecting configurational disorder in the XANES quantitative analysis of heme proteins is a source of systematic errors in the determination of Fe coordination geometry. The combined use of XANES and MD is a novel strategy to enhance the resolution and reliability of the structural information obtained on metalloproteins, making the combination of these techniques powerful for metalloprotein investigations.